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ABSTRACT
Paleomagnetic results from Europe and North America
show that the Lower Triassic is characterized by mixed
polarity, quite in contrast to the long lasting reversed
"Kiaman Interval" of the Permian. These pronounced
differences emphasize the application possibilities of
paleomagnetism to stratigraphical boundary problems, in
this case definition of the Paleo-Mesozoic boundary.
Furthermore, a paleomagnetic study of the uppermost part
of the Middle and Upper Buntsandstein (Scythian), has
shown that several magnetic reversals provide the same
correlation as do fossil soils over a distance of about
200 km. This example is used to demonstrate the
importance of magnetic reversals as stratigraphical auxiliary
tool for regional problems.
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INTRODUCTION
At the time when the present investigation was
started, the question of the origin of reversely magnetized
rocks was not settled. It seemed that if one could correlate
reversely magnetized sequences in sediments by stratigraphic
means (such as fossil soils, etc.) this then would be a rather
strong argument in favor of a frequently reversing earth
magnetic field. Their lateral distribution and stratigraphic
occurrence should allow stratigraphic and paleogeographic
conclusions and their number and general occurrence could
eventually help in worldwide correlations.
AREA OF INVESTIGATION
The S. W. part of the Triassic basin of Germany was
chosen as area of investigation (Figure 1). During the time
of deposition of the Buntsandstein (Lower Triassic) a
wide trough which deepens slightly toward the north was
supplied with clastic sediments from the southwest bordering
"Gallic Highlands", as . inferred from the directions
of the cross-bedding in the sandstone beds. Figure 1 shows
that the sedimentation pattern was controlled by a system
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und Saargemund - Palatinate trough) and swells (Saarbrucken
Carboniferous saddle,- Vosges, Black Forest).
The vertical sections investigated in this study were along
the margins of the depositional basin where the sedimentation
was discontinuous. One consequence of irregular sedimentation
in the Triassic basins is that there are 'numerous discontinuities,
some of which may represent long periods of time. The cause
of the fluctuating sedimentation is supposed to be climatic.
Some of these interruptions in sedimentation lasted long
enough for well developed soil zones to be formed. The so-
called "Violette Grenzzonen (VG-Zones)" are examples of such
fossil soil horizons. Dolomite breccia and dolomite zones
are often associated with them and may be explained as caliche
zones which formed under arid conditions.
Three major VG- and dolomite zones are recognizable
throughout the area studied. As they are found at various
stratigraphic levels, they can be used as marker horizons
(MUELLER, 1954, 1960; PERRIAUX, 1961; Profile Chart).
MAGNETIC REVERSALS IN THE BUNTSANDSTEIN
Paleomagnetic Results
Along 12 stratigraphically correlated Middle and Upper
Buntsandstein sections (Figures 1, 9), covering a distance of
more than 200 km, 244 oriented hand samples were taken at about
1 m vertical intervals. From each hand sample a variable amount
(up to 30) of specimens was cut and measured. The iron oxide
content of the Buntsandstein is generally less than 1% yet the
Buntsandstein is sufficiently magnetized to be measurable. Hematite
is the main component of the opaque fraction and is thought to be
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the carrier of the natural remanent magnetization. The
individual sand grains are enclosed by a red cement, composed
of hematite, goethite, carbonates and quartz (HENRICH, 1962
and PERRIAUX, 1961). From these Triassic sandstones the
following paleomagnetic results and observations were obtained.
..The .intensity of magnetization of these Triassic sand-
stones was between .5 and 5 x 10 e.m.u./cm .
The Natural Remanent Magnetization (NRM) directions
of the samples from the Buntsandstein are shown in Figure
2. In spite of the large dispersion in the NRM directions,
two clusters of directions can be distinguished which represent
approximately the normal and reversed polarity of the same
vector. Samples with normal polarities tend to group around
the present geomagnetic field.
In order to test the stability of normally and reversely
polarized sandstones, 14 samples were tested in alternating
fields in steps from 150 Oe to 1080 Oe. No large changes in
intensity and direction of the NRM were found (see Figure 3).
As a further check, an additional 43 normal and reversed
samples were heated stepwise from 100°C or 150°C to 650°C
and remeasured after cooling to room temperature in zero
field. Most of the samples proved to be stable, while a few
others showed changes in the directions and intensity of the NRM.
The high stability of the Buntsandstein samples in
alternating field and thermal demagnetization experiments
confirms the presence of hematite [which is characterized
by high coercitive forces and high Curie temperatures] in the
samples.
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Bleached sandstones, in which the hematite within the
cement has been dissolved and removed, are frequently found
in the Buntsandstein, especially in the Voltziensandstein.
In some cases the intensity of their NRM is comparable to that
N
of red sandstone. Generally, however, it is somewhat less,
but the directions of the NRM are in agreement with those
of the unbleached sandstone. The weaker -magnetization can
be attributed to the fact that not only has the iron oxide
i . •
content of the cement been decreased but that the opaque
heavy minerals have also been partially removed during the
bleaching. Similar results have been discussed by GRAHAM
(1955) and are supported by bleaching experiments reported
by COLLINSON (1964) and BUREK (1969).
In light of the above observations it is believed that
during sedimentation and before consolidation of the Buntsand-
stein, the detrital magnetic particles of hematite were able
to be influenced and aligned by the earth's magnetic field.
This magnetization process is generally called Depositional
Remanent Magnetization (DRM) and is treated theoretically
and experimentally by KING (1955), GRIFFITHS, et al., (1957),
IRVING (1957), COLLINSON (1964).
As the magnetization of hematite is often rather weak,
good alignment of the magnetic particle during deposition is
only likely under especially favorable conditions. Apparently
these did not exist for much of the Buntsandstein period, at least
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not in the lower part of the sedimentation cycles. The
'turbulent sedimentation conditions in the Zwischenschichten
in which cross-bedded, coarse-grained to conglomeratic sand-
stones were deposited, were apparently unsuitable for good
alignment (see Figure 4). Somewhat less turbulent conditions
seem to have prevailed at the time of the Voltziensandstein.
In this case the sandstones are finer-grained and were
deposited in a more settled, limnitic environment and
consequently the dispersion of the magnetic directions is not
as great (see Figure 5).
Due to the poor grouping of the magnetic directions, no
attempt was made to calculate the magnetic pole positions for the
Buntsandstein. Nevertheless, the occurrence of reversely
magnetized zone suggests that the sandstones of the Buntsandstein
probably reflect the polarity of the Triassic geomagnetic field
(see Figures 2, 5 and Correlation Chart). Rock samples are
considered normal if their magnetization directions lie .in the
following range: declination between 300°  and 90°, inclination
downward (+). They are considered reversed if their declination
varies between 130°  and 250°  and their inclination is either upward
(-) or only slightly downward (up to ca. 20°). Some intermediate
directions occur either just below or above the normally or
reversely magnetized zones.
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Stratigraphic Occurrence of the Reversely Magnetized Horizons
The reversals: R, , R3, RS, R and R? in the Upper Bunt-
sandstone (see Correlation Chart) can be traced from the Tierer
Bay through the Saarland to Lorraine and through the Palatinate
into the S. Odenwald, i.e. over a distance of more than 200 km
(see Figure 1).
They stay within certain Stratigraphic levels: R, and
R3 (reported by NAIRN, 1960) in the Lower .Zwischenschichten,
RS in the Upper Zwischenschichten, Rfi in the bordering region,
of Upper Zwischenschichten/Voltziensandstein, and R in the
Voltziensandstein. The horizontal consistency in reversals
R and R_ is particularly clear.
The thin, reversely magnetized horizons, R., Rg and R
cannot be safely correlated on the basis of the presently
available evidence. This might be explained by assuming that
these horizons coincide with a time of slow or no deposition
However, it is also probable that the vertical (i.e.
Stratigraphic) interval between consecutive samples was
too large.
The polarity of the samples is independent of the petro-
graphic state e.g.: grain size, carbonate content, bleaching
or Triassic weathering. The reversed and normal horizons occur
in sandstones of broadly similar and variable lithology.
4
The author knows of at least one certain reversal in the higher
parts of the Middle Buntsandstone (close to profile Simten).
More Middle Buntsandstone reversals are described in the literature
(CLEGG et al., 1954; NAIRN, 1960).
o o
Individually the facies of the reversely magnetized rocks can
be very diverse. For instance, horizon R, at Heidelberg-
Rohrbach (see Correlation Chart) is a bright, quarzitic
.and dolomitic sandstone; at Simten and Rohrbach, this horizon
is a loosely cemented, intensely reddish-brown, coarse sandstone
and conglomerate; at Saarfels the it consists of medium-grained
partially bleached sandstones.
The stratigraphic consistency of reversely polarized
zones, the independence of lithology, and the rock magnetic
characteristics indicate that the reversed magnetizations in
the Upper Buntsandstein are not local matters, or the result
of self-reversal, but rather are evidence of several reversals
of the geomagnetic field at the time of the deposition.
The occurrence of five reliable and even more probable
reversely polarized horizons of small thickness shows that
the geomagnetic field in Upper Skythian time was extremely
variable and that the polarity changed frequently. Thus it
seems possible to use reversals for fine stratigraphic
correlations in the Upper Buntsandstein and perhaps in other
red sediments.
STRATIGRAPHIC USE OF OBSERVED REVERSALS
FOR LOCAL PROBLEMS
Correlation of the stratigraphic positions of polarity
reversals provides a means of determining "time lines" within
a stratigraphic sequence. Determination of these reversals
thus can provide more information regarding relative time of
deposition than can the lithology of the sediments alone. Ex-
amples of the usefulness of these additional data are:
- 9 -
A.. R^ is situated a few meters above the VG,. zone in
Saarland, Lorraine and the Palatinate; in the S. Odenwald,
however, it occurs directly above the VG, zone. This shows
that the debris coming from the Gallic highlands reached the
S. Odenwald later than the more western areas (Figure 1).
The normaly magnetized sandstone sequences between VG, and R,
are thickest at Forsthaus Beckenhof/Palatinate and R, is
restricted here to a relatively thin horizon. This section
is found in the center of the Palatimate basin, where the
thickness and conglomerate content of the Lower Zwischenschichten
is greater than in the Lorraine section and those of the
Saarland and S. Odenwald. This explains the later occurrence
of R, in the Palatinate because of faster sedimentation at
the beginning of the Lower Zwischenschichten. Erosion and
redeposition also could be responsible in part for the
decrease in thickness of R,.
B. R,. shows small deviations. It is found in the B-
b
horizon of the VG-,-zone at Heidelberg-Rohrbach, Bubenhausen
and Forbach-Kreuzberg; in a dolomite-breccia of VG, at Simten;
in the Trierer Bay, as well as at Nohn and Igel it is above
VG3, i.e. it is already in the basal layer of the Werkstein.
There is no consistent relationship between the soil zones and
their sense of magnetization. However, the occurrence of
reversals below, in and above VG.,, can be explained as follows:
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the formation of the VG3 soil in S. Odenwald, Palatinate and
Lorraine was penecontemporaneous with-the'polarity change ..".'. "
of the earth's magnetic field, whereas, in the Trierer Bay, ";•
the Voltziensandstein had already been deposited.
STRATIGRAPHIC USE OF POLARITY EPOCHS
FOR WORLDWIDE CORRELATION PROBLEMS
A. The Lower Triassic Buntsandstein of Germany indicates
mixed polarity. A comparison with other results is given
in Figure 9. It is of particular interest that Picard (1964),
McMahon and Strangway, (1967) and Helsley (1968) and others
(Figure 9) have found clear evidence for mixed polarity in the
Chugwater Formation of West Central Wyoming, the Upper Maroon
Formation of Western' Colorado, and in the Moenkopi Formation of
Utah and W. Colorado, USA.
For instance, the Red Peak Member of the Chugwater Formation
is underlain by the Dinwoody Formation which is of Lower Skythian
age. It is overlain by the Alcova Limestone Member and the
Popo Agie Formation which contains a reptile fauna of lower
Middle. Keuper (J. B. Reeside, Jr. et al. , 1957), but is separated
from the Alcova by a-hiatus which seems to comprise'most of
the Middle Triassic. There might be thus a certain probability that
the Red Peak Member of the Chugwater Formation is stratigraphically
equivalent to the Upper Skythian, i. e. • the upper part of .-the
Buntsandstein (this study)-';
• •-- Furthermore', McMahon -and Strangway (1968) quote'a :Skythian
age for the Upper Maroon Formation and state that it is time
DISTRIBUTION OF PALEOHGNETIC SAMPLING LOCATIONS FOR TRIISSIC ROCKS
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equivalent .tovthey Moenkopi- Formation : {'He Is ley., 1968) •.. ;vThese""-
ages are"" compatible' -withr'the genera'l magnetic' pattern "(Burek,
19 6 4 ; He Is ley, - 19 68 ; McMahon"and-Strangwayv -19 6 8 and Picard.,.
1964.-) dbs'erved ~on ±>oth" continents', 'all of which "indicates 'mixed
polarity for Lower Triassi'c (Skythlan)-"times ".. We suspeet that:
the- reversal's seen-.in--this "study- may -represent "some of- the
same events described"from Trrassic' rocks in North'America. But
for the "time- being "(I.e.- without' -further stratigraphieal evidence)
no definite correlations are attempted. -
However, as soon as the number 'and stratigraphieal occurrences
of Triassic polarity changes are as well known as they are
now for the Tertiary (Cox et"al. , 1967; Opdyke et al., 1967;
Heirtzler et al., 1968), it should be possible to use reversals
for stratigraphic and paleogeographic conclusions or at least
as auxiliary information in the cases in which time indicators
[fossils etc.] are present.
B. The definition of the Permian-Triassic boundary
presents a major problem especially in continental deposits
that are all too often characterized by unfossiliferous
red beds. Permian (Figure 8) and Triassic (Figure 7)
paleomagnetic collection sites from Europe and North America
are plotted on maps which show the Permian and Triassic
sedimentation areas. These somewhat unusual paleogeographic
reconstructions of the continents around the' Atlantic are
based on a computed reconstruction by Bullard, et al. (1965)
and paleomagnetic evidence that indicated continental fit for
I
 
I
i
 I
"
^
^
 
j^
1*
 
"M
*
~
-"---. ---^
T
r ^
 
f- 
•*(._**—
 
--fci^i- 
^
.r^
rP
j'jg
Q"
8
 
8
I
 8
1
 
§
3 
§
|
 
S
5 
X
- 12 -
Permo-Triassic times. The Permo-Triassic paleomagnetic results are
summarized in Table 9. This summary of Permian paleomagnetic
results from North America and Europe, as well as previous ones
(McMahon and Strangway, 1967) show that during the Permian the
earth's-magnetic field was consistently reversed. However, in the
uppermost Permian: (Post-Kupf er, Schiefer-)-.a brief normally'
magnetized epoch is reported from the Upper Tartarian
Sandstones, Russia (Khramov, 1960) and the Groedener Sandstone,
Alps, (Guicherit, 1966). There is good reason to assume that
both authors are describing the same magnetic event. The
Upper Carboniferous-Permian reversed magnetic interval was
named by Irving (1966) .as Kiaman Interval.
The pronounced contrast between the long lasting reversed
Kiaman interval of Late Paleozoic time and the frequent
polarity change of Early Mesozoic times should provide a
valuable tool for defining the Paleozoic-Mesozoic boundary.
CONCLUSION
The stratigraphic consistency of reversely polarized
zones, the independence of lithology, and the rock magnetic
characteristics indicate that the reversed magnetizations in
the Upper Buntsandstein (Lower Triassic) are not due to a
local effect, but represent reversals of the geomagnetic
field at the time of the deposition.

- 13 -
The occurrence of five certain, and probably even more
reversely polarized horizons of small thickness in the Middle
and Upper Buntsandstone of SW-Germany and the comparison with
roughly time equivalent (Skythian) paleomagnetic results obtained
in North America show that the geomagnetic field in Lower Triassic
times was extremely variable and that its polarity changed
frequently. Correlation of the stratigraphic positions of
polarity reversals provides a means of determining "time lines"
within a stratigraphic sequence. Thus, it is possible to use
reversals for local fine stratigraphic studies. Determination of
these reversals thus can provide more information regarding
relative time of deposition than can facies changes in
unfossiliferous sediments alone.
The pronounced contrast between the long lasting reversed
Kiaman Interval of Late Paleozoic time and the frequent
polarity changes of Early Mesozoic times provides useful data
for defining the Paleo-Mesozoic boundary on a worldwide scale.
Page Intentionally Left Blank
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